Iron plays a key role in host-pathogen interactions. Microbial pathogens require iron for survival and virulence, whereas mammalian hosts sequester and withhold iron as a means of nutritional immunity. We previously identified two paralogous genes, CFT1 and CFT2, which encode homologs of a fungal iron permease, Cft1 and Cft2, respectively, in the human fungal pathogen Cryptococcus neoformans. Cft1 was shown to play a role in the highaffinity reductive iron uptake system, and was required for transferrin utilization and full virulence in mammalian hosts. However, no role of Cft2 has been suggested yet. Here, we identified the third gene, CFT3, that produces an additional fungal iron permease homolog in C. neoformans, and we also generated the cft3 mutant for functional characterization. We aimed to reveal distinct functions of Cft1, Cft2 and Cft3 by analyzing phenotypes of the mutants lacking CFT1, CFT2 and CFT3, respectively. The endogenous promoter of CFT1, CFT2 and CFT3 was replaced with the inducible GAL7 promoter in the wildtype strain or in the cft1 mutant for gain-of-function analysis. Using these strains, we were able to find that CFT2 is required for growth in low-iron conditions in the absence of CFT1 and that overexpression of CFT2 compensates for deficiency of the cft1 mutant in iron uptake and various cellular stress conditions. However, unlike CFT2, no clear phenotypic characteristic of the cft3 mutant and the strain overexpressing CFT3 was observed. Overall, our data suggested a redundant role of Cft2 in the high-affinity iron uptake and stress responses in C. neoformans.
Iron is required by virtually all organisms for survival, and serves as a cofactor for various enzymes involved in essential biological processes. Acquisition of iron and its homeostasis must be tightly regulated because iron mediates the generation of toxic hydroxyl radicals produced by the Fenton reaction if exceeded [23] . Iron also plays a key role in host-pathogen interactions. Microbial pathogens require iron for survival and virulence when they infect [6, 7] . However, to defend from invasion of microbial pathogens, mammalian hosts sequester and withhold iron using ironbinding proteins such as transferrin and lactoferrin, a process that has been considered as nutritional immunity [5] . Therefore, in order to survive and develop within the iron-limiting environment of hosts, microbial pathogens must possess efficient iron acquisition systems.
Cryptococcus neoformans is a causative agent of fungal pulmonary infection and meningitis, mainly in AIDSassociated patients [15] . The fungus possesses at least three well-developed iron acquisition systems: reductive iron uptake, siderophore transport, and heme utilization [13, 14] . Recent studies using mutants deficient in each iron acquisition system have revealed that the reductive iron uptake system plays a major role in virulence, while the contribution of siderophore transport and heme utilization was shown to be minimal [9, 11, 12, 22] . The reductive iron uptake pathway relies on reducing insoluble ferric iron to its soluble ferrous form, by a reductase activity at the cell surface [18] . A secreted reductant, 3-hydroxyanthranilic acid, and melanin might also contribute to the reduction of ferric iron [8] . In the model fungus Saccharomyces cerevisiae, the reductive iron uptake pathway is well documented. A number of studies have described that ferrous iron is oxidized by multicopper oxidase Fet3, followed by transport into the cytosol by the seven transmembrane domain protein Ftr1, which also contains highly conserved fungal iron permease motifs [1, 3, 20, 21] . In C. neoformans, the gene CFO1 encodes the ortholog of S. cerevisiae Fet3, and two genes CFT1 and CFT2 encode the ortholog of S. cerevisiae Ftr1 [9, 12] . Our previous studies showed that CFO1 and CFT1 are essential for reductive iron uptake, iron acquisition from transferrin, and full virulence in a mice model of cryptococcosis. While the mutant lacking CFT1 showed significant phenotypic defects in relation to iron uptake and metabolisms, the mutant lacking CFT2 (the paralog of CFT1) displayed no difference compared with the wildtype strain. However, our previous data showed that the iron regulatory protein Cir1 regulates expression of these two CFT paralogs differently, by positive regulation on expression of CFT1 and negative regulation on expression of CFT2, suggesting a distinct role of each iron permease in C. neoformans [12] .
In the current study, we identified an additional gene encoding the third C. neoformans homolog of fungal iron permease, and named it CFT3. In this study, we aimed to differentiate all three C. neoformans iron permeases according to their functions in relation to iron uptake, by analyzing phenotypes of mutants lacking CFT1, CFT2, or CFT3. Expression patterns of each iron permease homolog in the presence of different iron concentrations were also investigated. Overexpression strains that possess the endogenous promoter of CFT1, CFT2, or CFT3 replaced with the promoter of GAL7 were constructed as the gainof-function mutants, and their phenotypes were analyzed.
MATERIALS AND METHODS

Strains and Growth Conditions
The strains used in this study are listed in Table 1 . Strains were routinely grown in YPD (yeast extract peptone medium with 2.0% glucose). Galactose at the final concentration of 2% was added instead of glucose when induction of the GAL7 promoter was needed. A defined low-iron medium was prepared as described previously [9] , and iron repletion was achieved by adding different concentrations of FeCl 3 , which are indicated throughout the text. To deplete intracellular iron, strains were precultured in a low-iron medium at 30 o C overnight. For phenotypic analysis on plates, 10-fold serial dilutions of cells were spotted. Plates were incubated at 30 o C for 2 days before being photographed.
Construction of Mutant Strains
Primers to construct strains used in this study are listed in Supplementary Table S1 . The sequence of CFT3 was obtained from the C. neoformans var. grubii H99 genome database (http:// www.broad.mit.edu/annotation/genome/cryptococcus_neoformans). To construct the cft3 mutant, the coding region of 676 base pair (bp) was deleted by transformation of the gene specific disruption cassette, which was constructed using overlap PCR [4, 24] . Primers CFT3-KO11, CFT3-KO22, CFT3-KO3, and CFT3-KO4 were used with genomic DNA of the wild-type strain H99 and the plasmid pJAF1 as templates. The resulting gene disruption cassette was introduced to the wild-type strain by biolistic transformation. Positive transformants were selected by PCR and confirmed by Southern blot hybridization analysis using a probe generated by PCR with primers CFT3-KO3 and CFT3-fus. To construct the reconstituted strain, the integration cassette was constructed by overlapping PCR using primers CFT3-KO1, CFT3-fus, M13F and M13R with genomic DNA of the wild-type strain and the plasmid pCH233, which contain the nourseothricin (NAT) selectable marker, as templates. The cassette was digested with ScaI and was introduced to the cft3 mutant at its authentic locus by biolistic transformation, and positive transformants were selected by PCR. Primers listed in Supplementary Table S2 were used to replace endogenous promoters of CFT1, CFT2, and CFT3 with P GAL7 . The DNA fragment containing the NAT selectable marker and P GAL7 was amplified from pNATGAL with primers GAL7SED5-F and GAL7SED5-R [2] . The fragment containing NAT-P GAL7 was fused with the franking sequences specific to the promoters of CFT1, CFT2, or CFT3, using overlap PCR with the primers listed. The promoter replacement cassette was introduced to the wild-type strain or the cft1 mutant by biolistic transformation, and positive transformants were selected by PCR.
Quantitative Real-Time RT-PCR Primers for quantitative real-time RT-PCR (Q-RT-PCR) analysis were designed using Primer Express software 3.0 (Applied Biosystems) and are listed in Supplementary Table S3 . Cell cultures were prepared by growth in medium as indicated in the text. Total RNA was purified with the RNeasy kit (Qiagen), was treated with DNAse (Qiagen), and cDNA was generated using the SuperScript FirstStrand Synthesis System (Invitrogen). PCR reactions were monitored as described previously [22] , and relative gene expression was quantified using SDS software 1.3.1 (Applied Biosystems) based on the 2 -∆∆CT method [17] . TEF2 was used as a control for normalization. MATα P GAL7 -CFT1 This study P GAL7 -CFT2
MATα P GAL7 -CFT2 This study P GAL7 -CFT3
MATα P GAL7 -CFT3 This study P GAL7 -CFT2/cft1∆
MATα P GAL7 -CFT3,cft1∆::NAT This study P GAL7 -CFT3/cft1∆
MATα P GAL7 -CFT3, cft1∆::NAT This study
RESULTS
Identification of the Third Homolog of Fungal Iron
Permease in C. neoformans Our recent genome-wide search for the genes related to iron uptake and homeostasis in C. neoformans resulted in the identification of the gene (CNAG_03694) encoding the additional iron permease homolog, and we designated it as CFT3. The amino acid sequence of the Cft3 protein showed 35% identity and 52% similarity to Cft1, and 36% identity and 52% similarity to Cft2, which were previously identified as iron permease homologs in C. neoformans [12] . The S. cerevisiae iron permease Ftr1 (ScFtr1) is the most well documented among fungal iron permeases, and is known to be a plasma membrane protein containing seven membrane domains [20] . ScFtr1 has two motifs of REXXE,
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, which were found to be conserved among other fungal iron permeases. Alignment of the amino acid sequence of C. neoformans Cft3 with Cft1 and Cft2 showed that the protein possesses the highly conserved two REXXE motifs (Fig. 1) . However, the DXXE motif was not conserved in Cft3. Asp 288 of Cft1 and Asp 293 of Cft2 was replaced with Ala 349 in Cft3, suggesting a possible distinct function of the protein.
Analysis of Expression Patterns of Iron Permeases in Response to Extracellular Iron Levels
Iron-dependent regulation of CFT1 and CFT2 was previously described [12] . Transcript levels of both genes were reduced as iron levels were increased in the culture medium. With this in mind, we investigated transcript levels of genes encoding iron permeases, including CFT3 in the wild-type strain, in order to determine whether their transcript levels are influenced by the iron concentration in the environment. We cultured cells in media at pH 7.0 or at pH 5.0. The latter was included because of intracellular residence of cryptococcal cells in the acidic phagolysosomal compartment, of which pH averaged approximately 5.0, within a host phagocyte [16] . Moreover, our previous study suggested that cryptococcal cells may use an as yet unknown iron uptake system under acidic conditions, different to the high-affinity reductive iron uptake system mediated by Cft1 [11] . The wild-type cells were grown in media with different concentrations of iron at pH 7.0, and transcript levels of each CFT gene were analyzed by quantitative real-time PCR. As shown in Fig. 2A , transcript levels of CFT1 were dramatically reduced as iron concentrations increased in the medium. Transcript levels of both CFT2 and CFT3 were also reduced in response to increases of iron concentrations, although their changes were less significant than those of CFT1. These results suggested that, at pH 7.0, all CFT genes respond to extracellular iron concentrations, and that among the genes, CFT1 is more strongly regulated. We next analyzed the transcript levels of the CFT genes in acidic low-iron media containing different concentrations of iron, and found that the expressions of CFT1, CFT2, and CFT3 were generally reduced as iron concentration increased (Fig. 2B) . However, overall transcript levels of CFT1 and CFT2 were Transcript levels of CFT1, CFT2 and CFT3 in the wild-type strain were evaluated by quantitative real-time RT-PCR after growing cells in media containing various concentrations of iron (0, 10, 100, and 1,000 µM of FeCl 3 ) at pH 7.0 and pH 5.0. Data were normalized by using TEF2 as an internal control and are presented as relative expressions. Data are from three replicates and bars represent the standard deviations.
more reduced compared with that of cells cultured in media at pH 7.0. For example, in the presence of 10 mM of FeCl 3 , transcript levels of CFT1 and CFT2 were reduced by about 5.9-fold and 2.8-fold, respectively. The same concentration of FeCl 3 did not cause any significant change at pH 7.0. The expression pattern of CFT2 was more interesting at pH 5.0. The transcript levels of CFT2 in cells cultured in the medium at pH 5.0 were more significantly reduced as iron concentrations increased, compared with that of cells cultured in the medium at pH 7.0. However, in contrast to CFT1 and CFT2, the pattern of changes of CFT3 transcript levels in media at pH 5.0 was relatively small. Taken together, our results confirmed that CFT1 is a major iron permease in C. neoformans that responds to extracellular iron levels, and suggested that both CFT1 and CFT2 are regulated by pH in the environment. Moreover, results of our expression analysis suggested that CFT2 may play a role under conditions of acidic pH. Expression of CFT3 responded to iron deprivation at pH 7.0, but not significantly at pH 5.0.
Construction of the cft3 Mutant and the Strain That Overexpresses Each Iron Permease
To characterize the role of CFT3 and to differentiate its function from CFT1 and CFT2, we constructed the mutant strain lacking CFT3, via allele-specific homologous integration of the gene disruption cassette at the CFT3 locus (see Materials and Methods). Single homologous Fig. 3 . Disruption of wild-type CFT3 was confirmed by Southern blot analysis.
To confirm the disruption of wild-type CFT3, genomic DNA of the wildtype strain and the cft3 mutants were digested with NcoI and hybridized with the probe indicated. Two independent mutants showed that the genespecific disruption cassette was integrated into the CFT3 locus. integration of the disruption cassette at the CFT3 locus was confirmed by Southern blot analysis (Fig. 3) . The reconstituted strain, with a reintroduced wild-type copy of CFT3 at the original locus, was also constructed and included throughout the experiments. To characterize a function of CFT3 and to define its distinct role from CFT1 and CFT2, phenotypes of the cft3 mutant in relation to iron uptake and homeostasis were analyzed in parallel with the cft1 mutant and the cft2 mutant, which had been previously constructed [12] . The growth of strains was tested in media containing different concentrations of iron source FeCl 3 at pH 7.0 and pH 5.0. The results of this initial test showed that the cft3 mutant grows similarly to the wild-type strain at both pH conditions, whereas the cft1 mutant displayed reduced growth in the low-iron medium at pH 7.0, as observed in the previous study (Fig. 4) . The growth of the cft3 mutant was also normal in low-iron media containing hemin or siderophore ferroxamin as a sole iron source at pH 7.0 and pH 5.0. Interestingly, we noticed that the cft1 mutant grew normally in low-iron media (0 and 10 µM of FeCl 3 ) at pH 5.0, suggesting that C. neoformans may use a yet unknown iron uptake system, independent of CFT1. Phenotypes of the cft3 mutants associated with other virulence factors, such as melanin synthesis and capsule formation, were analyzed but no difference compared with the wild-type was observed (data not shown). In addition to the mutant lacking CFT3, the strain that overexpresses CFT3 under the galactose-inducible GAL7 promoter (P GAL7 ) was constructed to further investigate a role of the gene by the gain-of-function mutation. The strains overexpressing CFT1 and CFT2 by P GAL7 were also constructed and were compared with one another in order to identify different roles (Fig. 4) . Two independently constructed strains possessing P GAL7 -CFT1, P GAL7 -CFT2, or P GAL7 -CFT3 were cultured in non-induction conditions (glucose) or induction conditions (galactose), and the transcript levels of each iron permease were analyzed by Q-RT-PCR. As expected, cells cultured in media containing glucose showed reduced transcript levels of each CFT gene, whereas significantly higher transcript levels were observed from the cells cultured in media containing galactose (Fig. 5) . However, the cells containing P GAL7 -CFT1 were the exception, showing similar transcript levels to the wild type strain in the induction condition, which implied that an yet unknown mechanism, such as posttranscriptional regulation, may control transcriptional levels of CFT1 in C. neoformans.
Phenotypic Characterization of the Strain Overexpressing Each of the Iron Permeases
The previous study suggested a role of Cft1 in the highaffinity reductive iron uptake system by showing significantly reduced growth of the cft1 mutant under conditions of iron deprivation [12, 22] . However, in the same study, the cft2 mutant displayed no apparent phenotypic change compared with the wild-type strain, and a function of CFT2 has still been unclear. The results of phenotypic characterization of the cft3 mutant were similar to that of the cft2 mutant, and no clear difference was observed in the current study. Therefore, as described above, we investigated whether the gain-of-function mutants of each iron permease (overexpression of CFT1, CFT2, or CFT3 by P GAL7 in the wild-type strain) influences any phenotype in relation to iron utilization. Strains containing P GAL7 -CFT1 and P GAL7 -CFT2 were challenged in media with various concentrations of FeCl 3 (0 to 1,000 µM) as a sole iron source at pH 7.0. In media containing 0 or 10 µM of FeCl 3 in the presence of glucose, P GAL7 was repressed and the strain showed a growth defect. These results confirmed our previous finding that Cft1 plays a role in the high-affinity reductive iron (A) CFT1, CFT2, and CFT3 are located on chromosomes 12, 3, and 2, respectively. The endogenous promoter of each gene was replaced with the conditional GAL7 promoter containing the selectable marker for resistance to nourseothricin (NAT). (B) Transcript levels of CFT1, CFT2, and CFT3 under the control of the GAL7 promoter were evaluated by Q-RT-PCR after growing cells in medium containing glucose (repression condition) or galactose (overexpression condition). Data were normalized by using TEF2 as an internal control and are presented as a relative expression compared with transcript levels of each CFT gene with its endogenous promoter in the wild-type strain. Two independent constructs were analyzed in each experiment and similar patterns were shown. Data are from three replicates, and bars represent the standard deviations.
uptake system in C. neoformans (Fig. 6A) . In the same media, but in the presence of galactose instead of glucose, the growth defect of the strain containing P GAL7 -CFT1 was completely restored. However, the growth phenotype of Fig. 6 . Growth of the strains containing P GAL7 -CFT1, P GAL7 -CFT2, or P GAL7 -CFT3 in the presence of various concentrations of iron. the strain containing P GAL7 -CFT2 was similar to the wildtype strain in the same media containing either glucose or galactose, suggesting no significant role of the gene in iron utilization. In the same media at pH 5.0, strains containing P GAL7 -CFT1 or P GAL7 -CFT2 displayed no growth difference compared with the wild-type strain. Unlike its growth deficiency at pH 7.0, the strain containing P GAL7 -CFT1 grew well in media with 0 or 10 µM of FeCl 3 at pH 5.0 in the presence of glucose, which confirmed again the existence of the yet unidentified iron uptake system of C. neoformans in the acidic environment. We next tested phenotypes of the strain containing P GAL7 -CFT3. Neither repression nor overexpression of CFT3 caused any deficiency in growth in the presence of different concentrations of iron at pH 7.0 and pH 5.0 (Fig. 6B) . Together, our data suggested that, among iron permeases, only Cft1 plays a major role in the high-affinity reductive iron uptake in C. neoformans at neutral pH. Furthermore, our data suggested that the as yet unknown iron uptake system influences the growth of C. neoformans in acidic environments.
Overexpression of CFT2 Compensated for the Growth Defect of the cft1 Mutant in Low-Iron Media
In C. neoformans, at least three different pathways are responsible for uptake of different iron sources. They include high-affinity reductive iron uptake, heme uptake, and siderophore uptake systems. Our previous data suggested that iron uptake systems compensate for each other. For example, expression of the siderophore transporter SIT1 was up-regulated by deletion of a component of the highaffinity reductive iron uptake [12] . This led us to investigate whether overexpression of CFT2 or CFT3 suppresses phenotypes of the cft1 mutant. The endogenous promoter of CFT2 and CFT3 in the cft1 mutant was replaced with P GAL7 , respectively, and the strains were grown in the presence of various concentrations of FeCl 3 as a sole iron source at pH 7.0 and pH 5.0. The same strains were also tested for their heme or ferroxamin utilization. In the YPD medium, no visible growth of the cft1 mutant possessing P GAL7 -CFT2 was observed, which suggested that repression of CFT2 together with absence of CFT1 became lethal. This growth defect was fully recovered by culturing cells in the same medium containing galactose (Fig. 7) . We next challenged the strains in media with different iron concentrations at different pH. In the presence of glucose, we observed that the cft1 mutant processing P GAL7 -CFT2 did not grow in media containing 0 and 10 µM of FeCl 3 at pH 7.0 and pH 5.0. This growth defect was restored by increasing the iron concentration to 100 µM or 1,000 µM. These results suggested that the growth defect phenotype caused by the absence of both CFT1 and CFT2 only occurred in low-iron conditions (0 and 10 µM of FeCl 3 ). The growth defect of the cft1 mutant processing P GAL7 -CFT2 in low-iron media at pH 5.0 was of particular interest, because the cft1 mutant alone grew well in the same conditions. These data suggested that a regulatory mechanism responsible for iron uptake in C. neoformans at pH 5.0 is different from that at neutral pH, and that CFT2 plays a role in iron uptake at pH 7.0 and pH 5.0, but only in the absence of CFT1. Furthermore, the cft1 mutant possessing P GAL7 -CFT2 grew well in the presence of hemin or ferroxamin as a sole iron source, indicating that the functions of CFT1 and CFT2 are independent of heme or siderophore utilization. Interestingly, when the cft1 mutant possessing P GAL7 -CFT2 was cultured in the presence of galactose to overexpress CFT2, the growth defect caused by lack of CFT1 was no longer displayed. This result suggested that overexpression of CFT2 suppresses the defect of the cft1 mutant in iron uptake. The cft1 mutant displayed increased sensitivity to the oxidative stressor H 2 O 2 and the azole antifungal fluconazole in previous studies [12] . Therefore, we tested the phenotypes of the Fig. 7 . Growth of cft1 mutants containing P GAL7 -CFT1, P GAL7 -CFT2, or P GAL7 -CFT3 in the presence of various concentrations of iron.
The strains were grown in low-iron media containing glucose (repression condition) or galactose (overexpression condition) supplemented with various concentrations of FeCl 3 at pH 7.0 and pH 5.0, and their growth was monitored. Ten-fold serial dilutions of cells (starting at 10 4 cells) were spotted onto plates indicated and were incubated at 30 o cft1 mutant possessing P GAL7 -CFT2 against H 2 O 2 and fluconazole. As previously reported, the cft1 displayed increased sensitivity to H 2 O 2 and fluconazole, and these phenotypes were suppressed by overexpression of CFT2 (Fig. 8) . However, overexpression of CFT3 did not influence any phenotype of the cft1 mutant, implying an as yet unknown function of the gene in C. neoformans. Taken together, our data suggested that, among the genes encoding iron permeases, only CFT1 plays a major role in the high-affinity reductive iron uptake pathway and that overexpression of CFT2 is able to compensate for the absence of CFT1 in C. neoformans. However, the role of CFT3 remains to be identified.
DISCUSSION
We previously identified the high-affinity reductive iron uptake pathway, and showed that the mutant lacking CFT1, the major component of the pathway, attenuated virulence in a mice model of cryptococcosis. C. neoformans possesses another fungal iron permease homolog encoded by CFT2, but its role has not been suggested yet because of a lack of the phenotype of the cft2 mutant. In this study, we identified an additional gene encoding the third iron permease homolog in the genome of C. neoformans and designated it as CFT3. In S. cerevisiae, iron permease Ftr1 has been studied well. The protein contains seven membrane domains with three highly conserved motifs that also exist in other fungal homologs. We found that two of the motifs, two REXXE motifs, were commonly identified in all three C. neoformans iron permeases, but that the motif DXXE was not included in Cft3.
It has been suggested that C. neoformans possesses both high-and low-affinity reductive iron uptake systems [8] . We previously observed that transcription of CFT1 responds to extracellular iron levels, and that the cft1 mutant was not able to grow in media containing less than 10 µM of iron at pH 7.0 [10] . These results suggested that CFT1 is the iron permease responsible for the high-affinity reductive iron uptake system in C. neoformans. Normal growth of the cft1 mutant in media containing more than 10 µM of iron implied the existence of another reductive iron uptake system, presumably a low-affinity reductive iron uptake system. Moreover, our previous study showed that the cft1 mutant displayed attenuated virulence, suggesting that an alternative iron uptake pathway may play a role when the fungus is within a mammalian host. The environmental pH is one of the major factors and influences iron uptake. C. neoformans faces acidic pH conditions while it resides within a host phagolysosome. The current study revealed that the cft1 mutant grew well in acidic conditions even with a very low concentration of iron. These results suggested that an as yet unknown iron uptake system, possibly an iron uptake system specific to ferrous forms of iron, may be responsible for utilizing iron in the acidic environment.
Highly conserved motifs of the fungal iron permeases exist in the Cft2 protein, and transcript levels of CFT2 were negatively influenced by extracellular concentrations, although changes were less significant than that of CFT1. The mutant lacking CFT2 showed normal growth in media containing different concentrations of iron at pH 7.0 and pH 5.0. Overexpression of CFT2 in the wild-type strain did not affect the phenotype of the cell, suggesting that the gene alone does not play a role in iron uptake. However, interestingly, repression of P GAL7 -CFT2 by glucose in the absence of CFT1 hampers the growth of C. neoformans both at pH 7.0 and pH 5.0. These results suggested that coexistence of CFT1 and CFT2 is required for growth of C. neoformans in low-iron conditions, both at pH 7.0 and pH 5.0. The growth defect of the cft1 mutant possessing P GAL7 - Fig. 8 . Growth of the cft1 mutants containing P GAL7 -CFT1, P GAL7 -CFT2, or P GAL7 -CFT3 in the presence of various cellular stressors. CFT2 at pH 5.0 in the presence of glucose was particularly interesting because of the implication of involvement of Cft2 in iron uptake in acidic conditions. Furthermore, in this study, we showed that overexpression of CFT2 suppresses growth deficiency of the cft1 mutant in lowiron media, suggesting that the Cft2 protein can play a role as an iron permease in the high-affinity reductive iron uptake system, but only in the absence of CFT1.
The current study also showed that transcript levels of CFT3 respond to increases in concentrations of extracellular iron. However, changes of the expression patterns of CFT3 were less significant than CFT1, of which transcript levels were reduced about 25-folds and 100-fold at pH 7.0 and pH 5.0, respectively, upon increasing iron concentrations in the media. Phenotypic characteristics of the cft3 mutant were analyzed in parallel with the cft1 mutant and the cft2 mutant, but no apparent difference compared with the wild-type strains was observed. The strains possessing P GAL7 -CFT3 in the presence or absence of CFT1 displayed normal growth throughout the study, indicating an as yet unknown function of the gene in C. neoformans.
